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ABSTRACT : 

CHG DATE=20 02 02 02 STATUS=0> Shift conversion of hydrogen-rich reformed gas 

produced by reaction including p_artial o^^^ feed gas in .a_JE.?4°^y^ 

reaction section (6) is made by its water gas shift reaction with shift 
conversion catalyst in a shift reaction section (10) in order to reduce CO 
contained in the reformed gas and enhance the yield of hydrogen. In this case, 
for the purpose of enabling" "high -temperature reformed gas from the reforming 
reaction section (6) to undergo the shift conversion as it is and thereby 
simplifying the construction of a shift conversion unit, the ref ormed__gas from 
the reforming reaction section (6) is introduced directly into a reformed gas 
passage (11) of the shift reaction section (10) and thereby undergoes the shift 
reaction while heat-exchan9in0_Vvdth As a result, shifty 

conversion of the'refom having"~exi'ted from the reforming reaction 

section (6) is implemented over a wide temperature range from high temperature 
conditions where the reaction rate is high to low temperature conditions where 
the reaction rate is low but the gas reacts advantageously at equilibrium, 
thereby extending the temperature range of shift conversion. In addition, the 
need to control the temperature of the reformed gas is eliminated thereby 
simplifying the construction of the shift conversion unit. <IMAGE> 
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(54) MODIFYING DEVICE 

(57) Shift conversion of fiydrogen-rich reformed gas 
produced by reaction including partial oxidation of feed 
gas in a reforming reaction section (6) is made by its 
water gas shift reaction with shift conversion catalyst in 
a shift reaction section (10) in order to reduce CO con- 
tained in the reformed gas and enhance the yield of hy- 
drogen. In this case, for the purpose of enabling high- 
temperature reformed gas from the reforming reaction 
section (6) to undergo the shift conversion as it is and 
thereby simplifying the construction of a shift conversion 
unit, the reformed gas from the reforming reaction sec- 
tion (6) is introduced directly into a reformed gas pas- 
sage (11) of the shift reaction section (10) and thereby 
undergoes the shift reaction while heat-exchanging with 
the feed gas. As a result, shift conversion of the re- 
formed gas having exited from the refomning reaction 
section (6) is implemented over a wide temperature 
range from high temperature conditions where the re- 
action rate is high to low temperature conditions where 
the reaction rate is low but the gas reacts advantageous- 
ly at equilibrium, thereby extending the temperature 
range of shift conversion. In addition , the need to control 
the temperature of the reformed gas is eliminated there- 
by simplifying the construction of the shift conversion 
unit. 
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Description 
Technical Field 

[0001] This invention relates to a shift conversion unit 
for causing reformed gas, which has been produced by 
reforming hydrocarbon-based feed gas by partial oxida- 
tion reaction, to undergo shift conversion by water gas 
shift reaction with catalyst. 

Background Art 

[0002] In general, hydrogen can be produced by re- 
fomning hydrocarbon or methanol. Fuel reforming units 
for producing hydrogen through such reforming can be 
used for fuel cells, hydrogen engines or the like. 
[0003] As a refomning unit of such kind, there is con- 
ventionally known one which is incorporated into a fuel 
cell system as disclosed in Japanese Unexamined Pat- 
ent Publication No. 11-67256. This fuel reforming unit 
includes a fuel reformer loaded with catalyst which ex- 
hibits activity to partial oxidation reaction, and is de- 
signed to introduce feed gas into the fuel refonner to 
produce reformed gas with hydrogen by partial oxidation 
reaction of the feed gas. 

[0004] Further, in order to reduce CO (carbon monox- 
ide) in the reformed gas produced in the above manner 
and improve the yield of hydrogen, the reformed gas Is 
generally caused to undergo shift conversion by sub- 
jecting it to water gas shift reaction with shift conversion 
catalyst in a shift reaction section of a shift conversion 
unit. 

[0005] Specifically, in the water gas shift reaction, car- 
bon monoxide is oxidized by water to convert into car- 
bon dioxide and hydrogen as expressed in the following 
chemical formula. 

CO + H2O ^ CO2 4- H2 

[0006] Meanwhile, for the shift conversion unit of this 
kind, its shift reaction section has poor heat resistance 
and therefore cannot receive the refomned gas as sup- 
plied at high temperature (for example, 700^0) from its 
refomning reaction section and cause such high-temper- 
ature reformed gas to undergo reaction. Accordingly, 
the unit is designed to divide the shift reaction section 
into high-temperature and low -temperature shift reac- 
tion sections, first introduce the reformed gas from the 
refomning reaction section into the high-temperature 
shift reaction section after decreasing its temperature 
down to for example 400'C and then introduce the re- 
fomned gas having exited from the high-temperature 
shift reaction section into the low-temperature shift re- 
action section after further decreasing its temperature 
down to for example 200**C. 

[0007] In this case, however, there is the need for con- 
trolling respective inlet temperatures of the reformed 



gas flowing into the high-temperature and low-temper- 
ature shift reaction sections. This creates the problem 
of complicating the component layout for satisfying the 
need. 

5 [0008] Further, under the temperature conditions 
where the reaction speed is high as in the above case, 
the reaction cannot be realized. Therefore, the above 
unit cannot avoid that the temperature range within 
which the reformed gas can undergo shift conversion is 
10 limited narrowly. 

[0009] Furthermore, in the water gas shift reaction un- 
der the high temperature conditions, it is necessary to 
increase the amount of catalyst in order to ensure the 
heat resistance of the catalyst. This correspondingly in- 
'5 creases the thennal capacity of theshift reaction section 
thereby causing the problem of deteriorating its re- 
sponse to load variations and start-up characteristics. 
[0010] The present invention has been made in view 
of these problems and therefore an object thereof is to 
enable the high-temperature refomned gas from the re- 
forming reaction section to undergo shift reaction in the 
shift reaction section just as it stands by contriving the 
construction of the shift conversion unit and to thereby 
simplify the construction of the shift conversion unit. 

Disclosure of Invention 

[0011] To attain the above object, in the present in- 
vention, the shift reaction section of the shift conversion 
unit subjects the reformed gas from the refomning reac- 
tion section to shift reaction while heat-exchanging it 
with feed gas or heat recovery gas toward the reforming 
reaction section. 

[0012] More specifically, the present invention is di- 
rected to a shift conversion unit having a shift reaction 
section (10) for causing hydrogen-rich reformed gas 
produced by reaction including partial oxidation of feed 
gas in a reforming reaction section (6) to undergo shift 
conversion by water gas shift reaction with shift conver- 
sion catalyst. In this shift conversion unit, the shift reac- 
tion section (10) is arranged to introduce the reformed 
gas from the reforming reaction section (6) directly into 
a reformed gas passage (1 1 ) and effect the shift reaction 
while heat-exchanging the reformed gas with the feed 
gas. 

[0013] Thus, the high-temperature refomned gas from 
the reforming reaction section (6) is introduced directly 
into the shift reaction section (10) and in the shift reac- 
tion section (10), the refomned gas is then caused to un- 
dergo shift conversion by water gas shift reaction while 
undergoing heat exchange with the feed gas in the feed 
gas passage (3) which should be supplied to the reform- 
ing reaction section (6). Accordingly, the reformed gas 
having exited from the reforming reaction section (6) will 
undergo shift conversion while keeping its high temper- 
ature. Therefore, the reformed gas can undergo shift 
conversion over a wide temperature range from high 
temperature conditions where the reaction speed is high 
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to low temperature conditions where the reaction speed 
is low but the gas reacts advantageously at equilibriunn. 
[0014] Further, the need to control the tennperature of 
the reformed gas can be eliminated, thereby simplifying 
the construction of the shift conversion unit. 
[0015] Furthermore, the loading amount of the shift 
conversion catalyst into the shift reaction section (10) 
can be decreased and the thermal capacity can be re- 
duced correspondingly. As a result, the shift reaction 
section (10) can maintain excellent response to load 
variations and start-up characteristics. 
[0016] The shift conversion catalyst of the shift reac- 
tion section (10) is preferably noble metal catalyst with 
heat resistance or catalyst in which Pt, Pt alloy or Ru 
alloy is used as active metal. This provides desirable 
shift conversion catalyst for effecting shift reaction at the 
high temperature. In other words, if the noble metal cat- 
alyst with heat resistance is used, the catalyst can ex- 
hibit excellent endurance and hold high activity over a 
wide temperature range. Alternatively, if the catalyst in 
which Pt, Pt alloy or Ru alloy is used as active metal is 
employed, the catalyst can exhibit high activity at high 
temperatures and makes it difficult to cause methana- 
tton. 

[0017] The shift conversion catalyst of the shift reac- 
tion section (10) can be applied to or supported on po- 
rous material. Since the porous material has a large sur- 
face area, the use of this material can increase the con- 
tact area between the shift conversion catalyst and the 
refonned gas in the shift reaction section (10) to in- 
crease the reaction rate and Improve the efficiency of 
heat radiation. 

[0018] The porous material is preferably of either 
foam metal, cordierite or ceramics. In this case, there 
can be obtained desirable porous material especially for 
ensuring the increase in the contact area of the catalyst 
with the reformed gas. 

[0019] In the vicinity of the shift reaction section (10), 
a feed gas passage (3) can be provided for supplying 
the feed gas to the refonning reaction section (6). With 
this arrangement, the feed ga's in the feed gas passage 
(3) located in the vicinity of the shift reaction section (6) 
is heated by heat of reaction in the shift reaction section 
(10). Accordingly, the heat of reaction in the shift reac- 
tion section (10) can be recovered for the preheating of 
the feed gas and this self -recovery of heat can improve 
the thermal efficiency of the shift conversion unit. 
[0020] In the above case, the shift reaction section 
(10) and the feed gas passage (3) can be integrally 
formed in a housing (1 ). With this arrangement, the con- 
struction of the shift conversion unit can be simplified, 
thereby providing cost reduction. 
[0021] A heat exchanger (15) may be provided for ex- 
changing heat of reaction and sensible heat in the shift 
reaction section (1 0) with heat of the feed gas in the feed 
gas passage (3) by heat radiation. In this manner, the 
rate of heat exchange can be increased between the 
shift reaction section (10) and the feed gas thereby im- 



proving the efficiency of heat transfer. 
[0022] The reformed gas passage (1 1 ) of the shift re- 
action section (10) is preferably fomned so that the re- 
formed gas flows from the center side toward the outer 

5 peripheral side of the shift reaction section (10). With 
this arrangement, such a temperature profile in the shift 
reaction section (1 0) can be formed that the temperature 
differs from entrance to exit thereof. 
[0023] In the above case, the distance of portion of 

10 the shift reaction section (10) located downstream in a 
direction of flow of the reformed gas to the feed gas pas- 
sage (3) is preferably larger than that of portion of the 
shift reaction section (10) located upstream in the direc- 
tion of flow of the reformed gas to the feed gas passage 

15 (3). With this arrangement, the rate of heat exchange of 
the shift reaction section (1 0) with the feed gas passage 
(3) by heat radiation varies between the sides of the shift 
reaction section (10) upstream and downstream in the 
flow direction of the refomned gas. Accordingly, thetem- 

20 perature at the exit of the shift reaction section (1 0) can 
be held substantially uniformly. 

[0024] The heat exchanger (15) can include a heat 
transfer fin (16) presented to the feed gas passage (3). 
In this case, the efficient of heat transfer can be further 

25 improved. 

[0025] It is preferable that a plurality of said heat 
transfer fins (16) are provided along the feed gas pas- 
sage (3) and the pitch of some of the heat transfer fins 
(1 6) located upstream in the direction of flow of the re- 

30 formed gas in the shift reaction section (10) is smaller 
than that of some of the heat transfer fins (16) located 
downstream in the direction of flow of the reformed gas. 
With this arrangement, heat exchange between the shift 
reaction section (10) and the feed gas can be made 

35 smoothly. 

[0026] A heat exchanger (23) may be provided which 
includes a refonned gas side heat transfer fin (21) pre- 
sented to the reformed gas passage (11) and a feed gas 
side heat transfer fin (22) presented to the feed gas pas- 

40 sage (3) and exchanges heat of reaction and sensible 
heat in the shift reaction section (10) with heat of the 
feed gas in the feed gas passage (3). Further, the shift 
conversion catalyst of the shift reaction section (10) is 
applied to or supported on at least the reformed gas side 

45 heat transfer fin (21). With this arrangement, the re- 
formed gas in the reformed gas passage (11) of the shift 
reaction section (10) undergoes the shift reaction 
through the contact with the shift conversion catalyst on 
the refonned gas side heat transfer fin (21) presented 

50 to the refonned gas passage (1 1 ). The resultant heat of 
reaction is transferred from the refonned gas side heat 
transfer fin (21 ) to the feed gas in the feed gas passage 
(3) through the feed gas side heat transfer fin (22). Also 
in this case, the efficiency of heat transfer from the shift 

55 reaction section (10) to the feed gas can be improved. 
[0027] The reforming reaction section (6), the feed 
gas passage (3) and the shift reaction section (1 0) may 
be integrally provided in a housing (1). In this manner. 
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the construction of the shift conversion unit can be fur- 
ther sinnplif led, resulting in cost reduction. 
[0028] Alternatively, in a shift conversion unit of the 
present invention which has a shift reaction section (10) 
for causing hydrogen-rich reformed gas produced by re- 
action including partial oxidation of feed gas in a ref ornn- 
ing reaction section (6) to undergo shift conversion by 
water gas shift reaction with shift conversion catalyst, 
the shift reaction section (10) is arranged to effect the 
shift reaction while heat-exchanging the reformed gas 
from the reforming reaction section (6) with heat recov- 
ery gas. 

[0029] With this arrangement, the high-temperature 
reformed gas from the reforming reaction section (6) is 
caused in the shift reaction section (10) to undergo shift 
conversion by water gas shift reaction while undergoing 
heat exchange with the heat recovery gas. Accordingly, 
the reformed gas having exited from the reforming re- 
action section (6) will undergo shift conversion while 
keeping its high temperature. Therefore, the refomned 
gas can undergo shift conversion over a wide tempera- 
ture range from high temperature conditions where the 
reaction rate is high to low temperature conditions 
where the reaction rate is low but the gas reacts advan- 
tageously at equilibrium. 

[0030] Specifically, through the heat exchange be- 
tween the high-temperature refomned gas from the re- 
forming reaction section (6) and the heat recovery gas, 
the reformed gas entrance side of the shift reaction sec- 
tion (10) is elevated in temperature to increase the re- 
action rate while the reformed gas exit side thereof is 
lowered in temperature to reduce the reaction rate. As 
a result, the CO concentration can be reduced at ther- 
mal equilibrium. 

[0031] Further, the need to control the temperature of 
the refonned gas can be eliminated thereby simplifying 
the construction of the shift conversion unit. 
[0032] Furthermore, since the heat exchange is made 
in the shift reaction section (10), high-temperature heat 
exhausted therefrom can be recovered as heat recovery 
gas. 

[0033] In addition, the loading amount of the shift con- 
version catalyst into the shift reaction section (10) can 
be decreased and the thermal capacity can be reduced 
correspondingly. As a result, the shift reaction section 
(10) can maintain excellent response to load variations 
and start-up characteristics. 

[0034] In this case, like the aforementioned case, the 
shift conversion catalyst of the shift reaction section (10) 
may be noble metal catalyst with heat resistance. Since 
the noble metal catalyst with heat resistance exhibits ex- 
cellent endurance, it can hold high activity over a wide 
temperature range. 

[0035] Further, the shift conversion catalyst of the 
shift, reaction section (10) may be catalyst in which Pt, 
Pt alloy or Ru alloy is used as active metal . If this catalyst 
in which Pt, Pt alloy or Ru alloy is used as active metal 
is employed, the catalyst can exhibit high activity at high 



temperatures and makes it difficult to cause methana- 
tion. 

[0036] The shift conversion catalyst of the shift reac- 
tion section (10) is applied to or supported on porous 
5 material. With this structure, the contact area between 
the shift conversion catalyst and the reformed gas in the 
shift reaction section (10) can be Increased to increase 
the reaction rate and improve the efficiency of heat ra- 
diation. 

10 [0037] The porous material is preferably of either 
foam metal, cordierite or ceramics. In this case, there 
can be easily obtained porous material that especially 
ensures to increase the contact area with the reformed 
gas. 

15 [0038] The shift conversion catalyst of the shift reac- 
tion section (10) may be applied to or supported on a 
catalyst support of metal. Thus, there can be obtained 
a desirable catalyst support for cooling the catalyst pre- 
sented to the refomned gas passage (11) through the 

20 heat exchange with the heat recovery gas. 

[0039] A heat recovery gas passage (37) through 
which the heat recovery gas flows can be provided in 
the vicinity of the catalyst support. With this arrange- 
ment, since the catalyst support is surrounded by the 

25 heat recovery gas passage (37), the thermal efficiency 
can be improved. 

[0040] The heat recovery gas can be air. If air is the 
recovery gas, stable heat exchange can be implement- 
ed even at partial loads in the case of recovery of high- 
30 temperature heat, thereby easily obtaining serviceable 
heat recovery gas. 

[0041] Further, the heat recovery gas may be off-gas 
from an oxygen electrode (34) (air electrode) of a fuel 
cell (31 ). If the off-gas of the fuel cell (31 ) is used as the 

35 heat recovery gas in this manner, it is not necessary to 
newly prepare air as the heat recovery gas unlike the 
above case, and the existing off-gas of the fuel cell (31) 
can be utilized as it is. In addition, the need for any blow- 
er and its driving power for allowing the air to flow as the 

^0 heat recovery gas can be eliminated. 

Brief Description of Drawings 
[0042] 

45 

Figure 1 is a cross-sectional view showing a shift 
conversion unit according to Embodiment 1 of the 
present invention. 

Figure 2 is a cross-sectional view taken along the 
50 line 11-11 of Figure 1. 

Figure 3 is a corresponding view of Figure 1 which 
shows Embodiment 2. 

Figure 4 is a cross-sectional view taken along the 
line IV-IV of Figure 3. 
55 Figure 5 is a corresponding view of Figure 4 which 
shows Embodiment 3. 

Figure 6 is a cross-sectional view showing a shift 
conversion unit according to Embodiment 4. 
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Figure 7 is a cross-sectional view taken along tlie 
line VII-VII of Figure 6. 

Figure 8 is a circuit diagram showing a fuel eel! sys- 
tenn according to Embodiment 4. 
Figure 9 is a corresponding view of Figure 6 which 
shows Embodiment 5. 

Figure 10 is a cross-sectional view taken along the 
line X-X of Figure 9. 

Figure 11 is a corresponding view of Figure 10 
"which shows Embodiment 6. 

Best Mode for Carrying Out the Invention 

[0043] The best mode for carrying out the present in- 
vention will be described as embodiments. 

(Embodiment 1) 

[0044] Figures 1 and 2 show a shift conversion unit 
(A) according to Embodiment 1 of the present invention. 
This shift conversion unit (A) is used, in a fuel cell sys- 
tem (see Figure 8), for causing gas reformed from feed 
gas containing city gas and moist air to undergo shift 
conversion by water gas shift reaction. 
[0045] In Figures 1 and 2, (1 ) denotes a bottomed cyl- 
inder-shaped housing (1) for the shift conversion unit 
(A). Inside the housing (1), a cylindrical partition (2) is 
disposed to divide the internal space of the housing (1) 
into inner and outer subspaces, and formed integrally 
with the housing (1). One end of the partition (2) located 
on its housing (1) bottom side (upper side in Figure 1) 
is partially cut away so that the inner and outer subspac- 
es communicates with each other. The communicating 
part and the outer subspace itself constitute a feed gas 
passage (3). In the feed gas passage (3), one end of the 
outer subspace located on its housing (1) opening side 
(lower side in Figure 1) provides a feed gas inlet (4). 
This feed gas inlet (4) is connected to a feed gas pipe 
located externally to the figure and arranged to supply 
the feed gas (containing city gas and moist air) fed past 
the feed gas pipe to the feed gas passage (3) between 
the housing (1) and the partition (2) therethrough. 
[0046] At a housing (1) bottom side of the inner sub- 
space inside the partition (2), a reforming reaction sec- 
tion (6) is provided for reforming the feed gas to produce 
hydrogen-rich refonned gas from the feed gas by reac- 
tion including partial oxidation. An inlet (6a) of the re- 
forming reaction section (6) located on its housing (1) 
bottom side is communicated with the feed gas passage 
(3) at a position corresponding to the housing (1) bot- 
tom. 

[0047] The reforming reaction section (6) is formed of 
a cylindrical monolith with a honeycomb structure which 
is made from ceramics, aluminium or the like and fitted 
into the partition (2), although it is not shown in detail. 
In this monolith, a large number of through holes pass- 
ing through the monolith in an axial direction of the hous- 
ing (1) (the vertical direction in Figure 1) provide a gas 



passage. Further, catalyst of noble metal such as Pt, Rh 
or Ru is supported on the monolith. The feed gas is re- 
formed into hydrogen-rich reformed gas by undergoing 
partial oxidation reaction with the catalyst while passing 

5 through the gas passage of the monolith. 

[0048] In the inner subspace inside the partition (2), 
a fire-resistant thermal insulant (7) is disposed so as to 
be fitted in a gas-tight manner around the reforming re- 
action section (6). This thermal insulant (7) controls the 

10 rate of heat transfer between the reforming reaction sec- 
tion (6) and the feed gas passage (3). 
[0049] Meanwhile, in a portion of the inner subspace 
inside the partition (2) located on its housing (1) opening 
side (lower side in Figure 1), a shift reaction section (10) 

15 is provided for causing the reformed gas to undergo shift 
CO nversi 0 n by th e water g as s h ift reacti o n with s hift co n - 
version catalyst in order to reduce the CO concentration 
in the reformed gas and increase the yield of hydrogen. 
In other words, the feed gas passage (3) for supplying 

20 the feed gas to the reforming reaction section (6) is dis- 
posed around the shift reaction section (10), and the 
shift reaction section (10) and the feed gas passage (3) 
are formed integrally together with the reforming reac- 
tion section (6) in the housing (1). 

25 [0050] The shift reaction section (10) is arranged to 
introduce the reformed gas incoming from an outlet (6b) 
of the reforming reaction section (6) directly into a re- 
formed gas passage (11) and cause the refomned gas 
to undergo shift reaction while exchanging heat with the 

30 feed gas. More specifically, the shift reaction section 
(10) has a catalyst support (12) of porous material 
formed by foam metal, cordierite or ceramics. Shift con- 
version catalyst for allowing shift reaction is applied to 
or supported on the catalyst support (1 2). The shift con- 

35 version catalyst is noble metal catalyst with heat resist- 
ance, and more particularly, catalyst in which Pt, Pt alloy 
or Ru alloy is used as active metal. 
[0051] The catalyst support (12) has the shape of a 
frustum the outer diameter of which is diminished from 

40 the housing (1) bottom side to opening side, and is 
formed at the center thereof with a center hole (13) 
which passes through the catalyst support (12) in the 
axial direction of the housing (1) and forms part of the 
reformed gas passage (11). The center hole (13) is 

45 closed at a downstream end thereof on the side opposite 
to the refonning reaction section (6), so that major part 
of the reformed gas having been introduced into the shift 
reaction section (10) through the outlet (6b) of the re- 
forming reaction section (6) flows through the center 

50 hole (1 3) of the catalyst support (1 2) and then flows ra- 
dially outward through the catalyst support (12) into a 
space between the outer periphery of the catalyst sup- 
port (12) and the partition (2), while the remaining part 
of the refomned gas flows directly into the catalyst sup- 

55 port (12) at an upstream end surface thereof and then 
likewise flows radially outward into the space around the 
outer periphery of the catalyst support (12). The re- 
formed gas passage (11) is formed along the above 
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flows of the reformed gas. 

[0052] Further, due to the frustum shape of the cata- 
lyst support (12) of the shift reaction section (10), the 
distance of portion of the outer periphery of the catalyst 
support (12) located downstream in a flow direction of 
the refomned gas (lower portion in Figure 1) to the feed 
gas passage (3) is set larger than the distance of portion 
thereof located upstream in the flow direction (upper 
portion in Figure 1) to the feed gas passage (3). 
[0053] Furthermore, the outer periphery of the cata- 
lyst support (12) is located opposite the feed gas pas- 
sage (3) around the partition (2). Accordingly, a heat ex- 
changer (1 5) is provided for exchanging heat of reaction 
and sensible heat in the shift reaction section (10) with 
heat of the feed gas in the feed gas passage (3) by heat 
radiation (wherein heat flows during the heat exchange 
are shown In open arrows in the figure). This heat ex- 
changer (15) has a plurality of heat transferrins (16), 
(16), ... extended at a portion of the outer periphery of 
the partition (2) which corresponds to the shift reaction 
section (10) so as to be presented to the feed gas pas- 
sage (3). These heat transfer fins (16), (16), ... are jux- 
taposed along the feed gas passage (3), and the pitch 
of some of the fins on the upstream side (upper side in 
Figure 1 ) In the flow direction of the reformed gas in the 
shift reaction section (1 0) is set smaller than that of the 
other fins on the downstream side in the same direction. 
[0054] One end of the shift reaction section (10) lo- 
cated on its housing (1) opening side provides a re- 
formed gas outlet (18), and the refonned gas outlet (18) 
is connected to a fuel cell (see Figure 8) located exter- 
nally to the figure. Further, in Figures 1 and 2, (19) de- 
notes a thennal insulant for covering the housing {1)for 
the purpose of thermal insulation. 
[0055] According to this embodiment, during steady- 
state operation of the shift conversion unit (A), the feed 
gas (containing city gas and moist air) fed through the 
feed gas pipe is introduced into the housing (1) through 
the feed gas inlet (4) and then supplied to the feed gas 
passage (3) between the housing (1) and the partition 
(2). The feed gas in the feed gas passage (3) is preheat- 
ed to a predetermined temperature by undergoing radi- 
ation of heat of reaction and sensible heat in the shift 
reaction section (10) through the heat exchanger (15). 
The feed gas preheated through the heat exchange with 
the refomned gas in this manner flows through the feed 
gas passage (3) toward the housing (1) bottom, during 
the time heat of reaction in the reforming reaction sec- 
tion (6) is transferred to the feed gas via the thermal in- 
sulant (7) and the partition (2), and the heat transfer fur- 
ther heats up the feed gas. 

[0056] The feed gas having passed through the feed 
gas passage (3) flows into the reforming reaction sec- 
tion (6) through the inlet (6a) located on the housing (1) 
bottom side thereof, undergoes reaction including par- 
tial oxidation with the catalyst in the gas passage in the 
monolith of honeycomb structure and is thereby re- 
formed into hydrogen-rich refonned gas. Further, the 



heat of reaction in the reforming reaction section (6) is 
transferred via the thennal insulant (7) and the partition 
(2) to the feed gas consecutively flowing through the 
feed gas passage (3). 
5 [0057] The high-temperature refonned gas produced 
from the feed gas in the reforming reaction section (6) 
is introduced through the outlet (6b) of the refomning re- 
action section (6) into the shift reaction section (10) lo- 
cated inside the partition (2) and on the housing (1) 
10 opening side thereof, passes through the catalyst sup- 
port (12), undergoes the water gas shift reaction with 
the shift conversion catalyst on the catalyst support (1 2) 
during its passage through the catalyst support (1 2), and 
is thereby converted into refomned gas with a reduced 
15 CO concentration and an enhanced hydrogen yield. 
Then, the reformed gas having exited from the shift re- 
action section (10) is let out through the reform gas out- 
let (18), and thereafter supplied to the fuel cell. 
[0058] During the time, because of the heat exchang- 
ee er (15) provided to exchange heat of reaction and sen- 
sible heat in the shift reaction section (10) with heat of 
the feed gas in the feed gas passage (3) by heat radia- 
tion, the refonned gas in the shift reaction section (10)' 
undergoes shift conversion while lowering its tempera- 
25 ture through the heat exchange with the feed gas in the 
feed gas passage (3). Accordingly, the high-tempera- 
ture reformed gas having exited from the outlet (6b) of 
the refomning reaction section (6) will be introduced di- 
rectly into the shift reaction section (10) while keeping 
30 its high temperature and undergo shift conversion. 
Therefore, the reformed gas can undergo shift conver- 
sion over a wide temperature range from high temper- 
ature conditions where the reaction rate is high to low 
temperature conditions where the reaction rate is low 
35 but the gas reacts advantageously at equilibrium. 

[0059] Further, since the refonned gas from the re- 
forming reaction section (6) is introduced directly into 
the shift reaction section (10) for shift conversion, this 
eliminates the need to control the temperature of the re- 
40 formed gas from the reforming reaction section (6), 
thereby simplifying the construction of the shift conver- 
sion unit (A) and reducing the amount of the shift con- 
version catalyst in the shift reaction section (10). The 
resultant reduction in thermal capacity of the shift reac- 
ts tion section (10) provides retention of its excellent re- 
sponse to load variations and start-up characteristics. 
[0060] Furthermore, since the shift conversion cata- 
lyst of the shift reaction section (10) has heat resistance 
because of the use of Pt, Pt alloy or Ru alloy as its active 
50 metal, it can satisfactorily effect the shift reaction at high 
temperatures. In addition, since the shift conversion cat- 
alyst is applied to or supported on the porous material 
of large surface area made of eitherfoam metal, cordier- 
ite or ceramics, this increases the contact area between 
55 the shift conversion catalyst and the reformed gas in the 
shift reaction section (10), resulting in increased reac- 
tion rate and enhanced efficiency of heat radiation. 
[0061] Further, the reformed gas introduced into the 
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shift reaction section (1 0) througli the outlet {6b) of the 
refonning reaction section (6) flows from the center to 
the outer periphery . of the catalyst support (12). Specif- 
ically major part of the refomned gas flows radially out- 
ward from the center hole (13) of the catalyst support 
(1 2) and then flows through the catalyst support (1 2) into 
the space between the outer periphery of the catalyst 
support (12) and the partition (2), while the remaining 
part of the reformed gas enters directly the catalyst sup- 
port (12) at the upstream end surface thereof, likewise 
flows radially outward and then flows into the space 
around the outer periphery of the catalyst support (12). 
In this manner, such a temperature profile in the shift 
reaction section (1 0) can be formed that the temperature 
differs from entrance to exit thereof. 
[0062] Furthermore, since the catalyst support (12) of 
the shift reaction section (10) is formed in the shape of 
a frustum so that the distance of portion of the outer pe- 
riphery thereof located downstream in the flow direction 
of the refonned gas to the feed gas passage (3) is larger 
than that of portion of the outer periphery thereof located 
upstream In the flow direction, the rate of heat exchange 
of the shift reaction section (10) with the feed gas pas- 
sage (3) by heat radiation varies between the sides 
thereof upstream and downstream in the flow direction 
of the reformed gas and therefore the temperature at 
the exit of the shift reaction section (1 0) can be held sub- 
stantially uniformly. 

[0063] Further, since the feed gas in the feed gas pas- 
sage (3) around the shift reaction section (10) is heated 
by transfer of heat of reaction from the shift reaction sec- 
tion (10) through the heat exchanger (15) as described 
above, the heat of reaction in the shift reaction section 
(1 0) can be thus recovered for the purpose of preheating 
the feed gas and the self-recovery of heat can improve 
the thermal efficiency of the shift conversion unit (A). In 
addition, since the heat exchanger (15) has the heat 
transfer fins (16), (16), ... presented to the feed gas pas- 
sage (3), the rate of heat exchange between the shift 
reaction section (10) and the feed gas can be increased 
thereby enhancing the efficiency of heat transfer. 
[0064] Furthermore, since the heat exchanger (15) 
has the plurality of heat transfer fins (16), (16), ... pro- 
vided along the feed gas passage (3) and the plurality 
of heat transfer fins (16), (16), ... have different pitches 
between their upstream ones and downstream ones in 
the flow direction of the refonned gas, i.e., the pitch of 
the upstream ones is smaller than that of the down- 
stream ones, heat exchange between the shift reaction 
section (10) and the feed gas in the feed gas passage 
(3) can be made smoothly 

[0065] Further, since the reforming reaction section 
(6), the feed gas passage (3) and the shift reaction sec- 
tion (10) are integrally formed in the housing (1), this 
simplifies the construction of the shift conversion unit 
(A) resulting in cost reduction. 



(Embodiment 2) 

[0066] Figures 3 and 4 show Embodiment 2 of the 
present invention (note that in each of embodiments 
5 hereinafter described like parts as in Figures 1 and 2 
are designated by like reference characters and the de- 
scription thereof is omitted). This embodiment differs 
from Embodiment 1 in the structure of the shift reaction 
section (10). 

10 [0067] Specifically, in this embodiment, a housing (1) 
of a shift conversion unit (A) has the shape of a bot- 
tomed rectangulartube, a pair of opposed partitions (2), 

(2) are disposed inside the housing (1) to divide the in- 
ternal space thereof into one inner subspace and two 

15 outer subspaces, and both the partitions (2), (2) are 
formed integrally with the housing (1) (see Figure 4). In 
each of the partitions (2), one end thereof located on its 
housing (1) bottom side (upper side in Figure 3) is cut 
away so that the inner and outer subspaces communi- 
cates with each other, and the communicating part be- 
tween the inner and outer subspaces and both the outer 
subspaces themselves constitute a feed gas passage 

(3) . 

[0068] Further, the shift reaction section (10) is pro- 
vided with no catalyst support (12) as provided in Em- 
bodiment 1 . Instead, between the inner surface portions 
of both the partitions (2), (2) corresponding to the shift 
reaction section (10), a plurality of reformed gas side 
heat transfer fins (21), (21), ... are bridged to be integral 
with the partitions (2), (2) and to extend in a direction of 
the center line of the housing (1) so as to be presented 
to a reformed gas passage (11) (inner subspace) be- 
tween both the partitions (2), (2). 
[0069] On the other hand, from the outer surface of 
each of the partitions (2), a plurality of feed gas side heat 
transfer fins (22), (22), ... are protruded to extend in the 
axial direction of the housing (1) so as to be presented 
to the feed gas passage (3). The reformed gas side heat 
transfer fins (21), (21), ... and the feed gas side heat 
transfer fins (22), (22), ... constitute a heat exchanger 
(23) for exchanging heat between the reformed gas in 
the refonned gas passage (11) and the feed gas in the 
feed gas passage (3). 

[0070] Further, the reformed gas heat transfer fins 
(21 ), the partitions (2) and the housing (1 ) which are pre- 
sented to the reformed gas passage (11) are each made 
from metal and constitute a catalyst support. Pieces of 
shift conversion catalyst fomning the shift reaction sec- 
tion (10) are applied to or supported on the surface of 
each of the reformed gas side heat transfer fins (21) and 
the inner surface of each of the partitions (2) and the 
inner surface of the housing (1) (wherein positions of the 
pieces of shift conversion catalyst are indicated in heavy 
solid lines in Figure 4). Other structures are the same 
as those of Embodiment 1 . It is to be noted that the piec- 
es of shift conversion catalyst need be applied to or sup- 
ported on at least the surface of each of the reformed 
gas side heat transfer fins (21), (21), ... . 
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[0071] . Accordingly, in this ennbodiment, when the re- 
formed gas having exited from an outlet (6b) of a reform- 
ing reaction section (6) is supplied to the refomned gas 
passage (11) of the shift reaction section (10), it under- 
goes shift reaction through the contact with the pieces 
of shift conversion catalyst on the surface of each of the 
refomned gas side heat transfer fins (21), the inner sur- 
face of each of the partitions (2) and the inner surface 
of the housing (1) during the time when it flows through 
the reformed gas passage (1 1 ). Then, the resultant heat 
of reaction is transferred from the reformed gas side 
heat transfer fins (21 ), (21 ), . . . through the feed gas side 
heat transfer fins (22), (22), ... to the feed gas in the feed 
gas passage (3). Therefore, also in this case, the same 
effects as obtained in Embodiment 1 can be provided. 
Further, the efficiency of heat transfer from the shift re- 
action section (10) to the feed gas can be enhanced. 

(Embodiment 3) 

[0072] Figure 5 shows Embodiment 3, wherein the 
construction of Embodiment 2 is changed In the shapes 
of the housing (1) and partition (2). Specifically, in this 
embodiment, a housing (1) and a partition (2) are each 
formed in cylindrical shape so as to be disposed con- 
centrically, like Embodiment 1. 

[0073] Further, feed gas side heat transfer fins (22), 
(22), ... of a heat exchanger (23) are extended from the 
outer periphery of the partition (2), while reformed gas 
side heat transfer fins (21), (21), ... are extended from 
the inner surface of the partition (2) to divide a reformed 
gas passage (11) into plural sections. Pieces of shift 
conversion catalyst are applied to or supported on the 
surface of each of the reformed gas side heat transfer 
fins (21) and the inner surface of the partition (2). Ac- 
cordingly, also in this embodiment, the same effects as 
obtained in Embodiment 2 can be exhibited. 
[0074] Although the feed gas passage (3), reforming 
reaction section (6) and shift reaction section (10) are 
integrally fonried in the housing (1) in Embodiments 1 
to 3, only the refonning reaction section (6) may be sep- 
arated and the feed gas passage (3) and shift reaction 
section (1 0) may be integrally formed in the housing (1 ). 

(Embodiment 4) 

[0075] Figures 6 to 8 show Embodiment 4 of the 
present invention. In each of the above embodiments, 
the reformed gas undergoes shift reaction while being 
heat-exchanged with the feed gas in the shift reaction 
section (10). In contrast, in this embodiment, the re- 
formed gas undergoes shift reaction while being heat- 
exchanged with heat recovery gas. 
[0076] Specifically, Figure 8 illustrates a fuel cell sys- 
tem according to Embodiment 4, wherein (31) denotes 
a known polymer electrolyte fuel cell. This fuel cell (31) 
includes a hydrogen electrode (33) (fuel electrode) as 
an anode and an oxygen electrode (34) (air electrode) 



as a cathode which are catalyst electrodes disposed 
with an electrolytic cell body (32) of solid polymer Inter- 
posed therebetween, and supply refomned gas contain- 
ing hydrogen and air containing oxygen to the hydrogen 
5 electrode (33) and the oxygen electrode (34), respec- 
tively, to cause electrode reactions thereby generating 
an electromotive force between both the electrodes 
(33). (34). 

[0077] The hydrogen electrode (33) and oxygen elec- 
10 trode (34) of the fuel cell (31) are connected to an off- 
gas burner (38) through a hydrogen electrode off-gas 
passage (36) and a heat recovery gas passage (37) as 
an oxygen electrode off -gas passage, respectively. In 
this system, hydrogen electrode side off-gas discharged 
'5 from the hydrogen electrode (33) of the fuel cell (31 ) and 
oxygen electrode side off-gas discharge from the oxy- 
gen electrode (34) are individually supplied to the off- 
gas burner (38) for combustion. 
[0078] In the figure, (K) denotes a reforming unit for 
^0 reforming the feed gas containing the city gas and most 
air to produce hydrogen-rich reformed gas and supply 
it to the hydrogen electrode (33) of the fuel cell (31 ). The 
, reforming unit (K) includes not only a refonning reaction 
section (6) and the shift reaction section (10) in a shift 
25 conversion unit (A) but also high- and low-temperature 
side co-selective oxidation reaction sections (40), (41). 
The reforming reaction section (6) and the shift reaction 
section (10) are provided separately unlike each of Em- 
bodiments 1 to 3. 
30 [0079] A feed gas preheater (52) is provided in a por- 
tion of a reformed gas passage (1 1 ) between the reform- 
ing reaction section (6) and the shift reaction section 
(10). The feed gas preheater (52) cools the reformed 
gas produced in the refomning reaction section (6) for 
the purpose of CO conversion in the shift reaction sec- 
tion (10) to recover its waste heat, and uses the recov- 
ered waste heat to preheat the feed gas in the feed gas 
passage (3) which should be supplied to the reforming 
reaction section (6). 

[0080] Further, the CO-selective oxidation reaction 
sections (40), (41) are connected to the shift reaction 
section (10) through the refomning gas passage (11). 
Each of the CO-selective oxidation reaction sections 
(40), (41) causes the refomned gas converted in the shift 
reaction section (10) to react with selective partial oxi- 
dation catalyst in a hydrogen atmosphere to remove car- 
bon monoxide contained in the reformed gas thereby 
further reducing its CO concentration. Furthemnore, the 
low-temperature side CO-selective oxidation reaction 
selection (41) is connected to the hydrogen electrode 
(33) of the fuel cell (31) through the reformed gas pas-, 
sage (11). 

[0081] The fuel cell system is accompanied with a 
cooling water supply system, and the cooling water sup- 
ply system includes a hot-water storage tank (43) for 
storing hot water. A supply section of the hot-water stor- 
age tank (43) is connected to the upstream end of a cool- 
ing water passage (44), while a recovery section of the 
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same hot-water storage tank (43) is connected to the 
downstream end of the cooling water passage (44). Fur- 
ther, the upstream end of the cooling water passage (44) 
is provided with a circulating pump (45). This circulating 
pump (45) circulates water between the hot-water stor- 
age tank (43) and the cooling water passage (44). 
[0082] To the side of the cooling water passage (44) 
downstream from the circulating pump (45), a cell cool- 
ing section (46) formed of a heat exchanger for cooling 
the fuel cell (31) by the water discharged from the cir- 
culating pump (45) to recover its waste heat and a burn- 
er heat recovery section (47) formed of a heat exchang- 
er for cooling combustion gas discharged from the off- 
gas burner (38) to recover its waste heat are connected 
in series in the order from the upstream side. 
[0083] In the figure, (49) denotes a blower for blowing 
off air. The blower (49) is connected to the upstream end 
of an air supply passage (50), and the downstream end 
of the air supply passage (50) is connected to the oxy- 
gen electrode (34) of the fuel cell (31). Thus, air (oxygen) 
from the blower (49) is supplied to the oxygen electrode 
(34) of the fuel cell (31) through the air supply passage 
(50). 

[0084] Partway in the heat recovery gas passage (37) 
between the oxygen electrode (34) of the fuel ceil (31) 
and the off-gas burner (38), parallel-connected in 
branched manner are a heat exchanger (51 ) for cooling 
the reformed gas flowing from the low-temperature side 
CO-selective oxidation reaction section (41) toward the 
fuel cell (31) to recover its waste heat, a heat exchanger 
(52) for cooling the reformed gas flowing from the high- 
temperature side CO-selective oxidation reaction sec- 
tion (40) toward the low-temperature side CO-selective 
oxidation reaction section (41) to recover its waste heat, 
and a heat exchanger (53) for cooling the reformed'gas 
produced in the shift reaction section (10) to recover its 
waste heat. 

[0085] Further, the heat recovery gas passage (37) is 
series-connected at its portion downstream from the 
three heat exchangers (51) to (53) with a heat exchang- 
er (26) that is provided in the shift reaction section (10) 
and cools the reformed gas from the refomning reaction 
section (6) to recover its waste heat. The shift reaction 
section (10) thus effects shift reaction of the reformed 
gas from the reforming reaction section (6) while heat- 
exchanging the reformed gas with the heat recovery gas 
in the heat exchanger (26). 

[0086] As shown in enlarged manner in Figures 6 and 
7, the housing (1) for the shift reaction section (10) of 
the shift conversion unit (A) has the shape of a rectan- 
gular tube, and the internal space of the housing (1) is 
divided into a single inner subspace and two outer sub- 
spaces by a pair of opposed partitions (2), (2). The inner 
subspace constitutes the refonned gas passage (11), 
and both the outer subspaces constitute the heat recov- 
ery gas passage (37). Therefore, the heat recovery gas 
passage (37) is provided partially around the below-de- 
scribed catalyst support (12) in the reformed gas pas- 



sage (11). 

[0087] In the Inner subspace (reformed gas passage 
(11)) surrounded by the inner surfaces of the housing 

(1) and both the partitions (2), (2), the catalyst support 
5 (1 2) of porous material formed by foam metal, cordierite 

or ceramics is disposed so as to be presented to the 
reformed gas passage (11), and pieces of noble metal 
shift conversion catalyst of heat resistance for allowing 
shift reaction are applied to or supported on the catalyst 
'0 support (12). More particularly, the shift conversion cat- 
alyst is one in which Pt, Pt alloy or Ru alloy is used as 
active metal. 

[0088] From the outer surface of each of the partitions 

(2) , a plurality of heat transfer fins (16), (16), ... are pro- 
15 truded so as to be presented to the heat recovery gas 

passage (37) and extend in the flow direction of the heat 
recovery gas in this passage. The heat transfer fins (16), 
(16), ... and partitions (2), (2) constitute the heat ex- 
changer (26) for allowing heat exchange between the 
reformed gas in the reformed gas passage (11) and the 
heat recovery gas in the heat recovery gas passage (37) 
(off-gas from the oxygen electrode (34) of the fuel cell 
(31)). 

[0089] According to this embodiment, when the high- 
temperature reformed gas having exited from the re- 
forming reaction section (6) is supplied to the reformed 
gas passage (1 1 ) of the sh ift reaction section (1 0), it un- 
dergoes shift reaction through the contact with the shift 
conversion catalyst applied to or supported on the cat- 
alyst support (12) during the time when it flows through 
the reformed gas passage (1 1 ). Then, the resultant heat 
of reaction is transferred to the heat recovery gas in the 
heat recovery gas passage (37) (off-gas from the oxy- 
gen electrode (34) of the fuel cell (31 )) through the heat 
transfer fins (1 6), (1 6), . . . of the heat exchanger (26) and 
the partitions (2), (2). 

[0090] In this manner, the high-temperature reformed 
gas from the reforming reaction section (6) undergoes 
shift conversion by the water gas shift reaction in the 
shift reaction section (10) while being heat-exchanged 
with the. heat recovery gas as off-gas from the oxygen 
electrode (34) of the fuel cell (31). Accordingly, the re- 
formed gas having exited from the reforming reaction 
section (6) wiil undergo shift conversion while keeping 
its high temperature, and therefore the reformed gas 
can undergo shift conversion over a wide temperature 
range from high temperature conditions where the re- 
action rate is high to low temperature conditions where 
the reaction rate is low but the gas reacts advantageous- 
ly at equilibrium. Specifically, as the result of heat ex- 
change between the high-temperature reformed gas 
from the reforming reaction section (6) and the heat re- 
covery gas, the reformed gas entrance side of the shift 
reaction section (10) is elevated in temperature to in- 
crease the reaction rate while the refonned gas exit side 
thereof is lowered in temperature to reduce the reaction 
rate. This enables reduction in CO concentration at ther- 
mal equilibrium. 
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[0091] Further, the need to control the tennperature of 
the refonned gas can be eliminated thereby simplifying 
the construction of the shift conversion unit (A). 
[0092] Furthermore, the loading amount of the shift 
conversion catalyst into the shift reaction section (10) 
can be decreased and the thermal capacity can be re- 
duced. As a result, the shift reaction section (10) can 
maintain excellent response to load variations and start- 
up characteristics. 

[0093] Further, since the shift conversion catalyst of 
the shift reaction section (10) is noble metal catalyst with 
heat resistance like Embodiment 1 , it can hoid high ac- 
tivity over a wide temperature range. 
[0094] Furthermore, since the shift conversion cata- 
lyst of the shift reaction section (10) is one in which Pt, 
Pt alloy or Ru alloy is used as active metal, it can be 
highly active at high temperatures and makes it difficult 
to cause methanation. 

[0095] Further, since the shift conversion catalyst of 
the shift reaction section (10) is applied to or supported 
on a catalyst support (12) of porous material, this in- 
creases the contact area between the shift conversion 
catalyst and the reformed gas in the shift reaction sec- 
tion (10) thereby increasing the reaction rate and en- 
hancing the efficiency of heat radiation. 
[0096] Furthermore, since the porous material is of ei- 
ther foam metal, cordierite or ceramics, there can be 
easily obtained porous material that especially ensures 
to increase the contact area- with the reformed gas. 
[0097] Further, since the heat recovery gas passage 
(37) is provided partially around the catalyst support 
(1 2), the catalyst support (1 2) is surrounded by the heat 
recovery gas passage (37) thereby improving the ther- 
mal efficiency. It is to be noted that the heat recovery 
gas passage (37) may be provided to surround the en- 
tire periphery of the catalyst support (12) in the refonned 
gas passage (11). 

[0098] Furthermore, since the heat recovery gas is 
off-gas from the oxygen electrode (34) of the fuel cell 
(31), the need to newly prepare air is eliminated unlike 
the case where air is used as heat recovery gas. Ac- 
cordingly, the existing off -gas from the fuel cell (31) can 
be utilized as it is and there is no need for any blower 
and its driving power for allowing the air to flow as heat 
recovery gas. 

[0099] It is to be noted that air can be used as heat 
recovery gas as described above. In this case, the use 
of air as heat recovery gas offers the advantage of en- 
abling stable heat exchange even at partial loads in the 
case of recovery of high-temperature heat thereby eas- 
ily obtaining serviceable heat recovery gas. 

(Embodiment 5) 

[01 00] Figures 9 and 1 0 show Embodiment 5, wherein 
the structure of the shift reaction section (10) in Embod- 
iment 4 is changed. 

[0101] Specifically, in this embodiment, like Embodi- 



ment 2, a plurality of refomned gas side heat transfer fins 
(21), (21), ... are bridged integrally between the inner 
surfaces of both partitions (2), (2) in a housing (1) of a 
shift reaction section (10) of a shift conversion unit (A) 

5 so as to be presented to a reformed gas passage (11) 
(inner subspace) between both the partitions (2), (2) and 
to extend in the flow direction of the reformed gas in the 
passage. On the other hand, from the outer surface of 
each of the partitions (2), a plurality of heat recovery gas 

fo side heat transfer fins (25), (25), ... are protruded to ex- 
tend in the axial direction of the housing (1) so as to be 
presented to a heat recovery gas passage (37). The re- 
formed gas side heat transfer fins (21), (21), ... and the 
heat recovery gas side heat transfer fins (25), (25), ... 

f5 constitute a heat exchanger (26) for exchanging heat 
between the reformed gas in the refonned gas passage 
(11) and the heat recovery gas in the heat recovery gas 
passage (37). 

[0102] Further, pieces of shift conversion catalyst 

20 forming the shift reaction section (10) are applied to or 
supported on the surface of each of the reformed gas 
side heat transfer fins (21) and the inner surface of each 
of the partitions (2) and the inner surface of the housing 
(1) which are presented to the refonned gas passage 

25 (11) (and which are each made from metal and consti- 
tute a catalyst support), (wherein positions of the pieces 
of shift conversion catalyst are indicated in heavy solid 
lines in Figure 10). Other structures are the same as 
those of Embodiment 4. 

30 [0103] In. this embodiment, when the high-tempera- 
ture reformed gas from a reforming reaction section (6) 
is supplied to the reformed gas passage (11 ) of the shift 
reaction section (10), it undergoes shift reaction through 
the contact with the shift conversion catalyst on the sur- 

35 faces of each of the reformed gas side heat transfer fins 
(21), the inner surface of each of the partitions (2) and 
the inner surface of the housing (1 ) which are presented 
to the refonned gas passage (1 1), during the time when 
it flows through the reformed gas passage (11). Then, 

40 the resultant heat of reaction is transferred from the re- 
formed gas side heat transfer fins (21), (21), ... through 
the heat recovery gas side heat transfer fins (25), 
(25), ... to the heat recovery gas in the heat recovery 
gas passage (37). Therefore, also in this case, the same 
effects as obtained in Embodiment 4 can be provided. 
[0104] Further, since the shift conversion catalyst is 
applied to or supported on the surface of each of the 
reformed gas side heat transfer fins (21) and the inner 
surface of each of the partitions (2) and the inner surface 

50 of the housing (1) which all constitute catalyst supports 
of metal, the efficiency of heat transfer from the re- 
formed gas to the heat recovery gas in the shift reaction 
section (10) can be enhanced, thereby obtaining desir- 
able catalyst supports for cooling the shift conversion 

55 catalyst presented to the reforming gas passage (11) 
through the heat exchange with the heat recovery gas. 
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(Embodiment 6) 



feed gas. 



[0105] Figure 11 shows Embodiment 6, wherein the 2. 
shapes of the housing (1) and partitions (2) in the con- 
struction of Embodiment 5 are changed in circular form. 5 
[0106] Specifically, in this embodiment, a housing (1) 
and a partition (2) are formed in cylindrical shape so as 
to be disposed concentrically, like Embodiment 3. Fur- 3. 
ther, heat recovery side heat transfer fins (25), (25), ... 
of a heat exchanger (26) are extended from the outer io 
periphery of the partition (2), while reformed gas side 
heat transfer fins (21), (21), ... are extended from the 
innersurface of the partition (2) to divide a reformed gas 4. 
passage (11) into plural sections. Pieces of shift conver- 
sion catalyst are applied to or supported on the surface is 
of each of the reformed gas side heat transfer fins (21) 
and the inner surface of the partition (2) (all of which are 
catalyst supports of metal). Accordingly, also in this em- 5. 
bodiment, the same effects as obtained in Embodiment 
5 can be exhibited. 20 
[0107] It goes without saying that the present inven- 
tion is applicable for reforming units used for any appli- 6. 
cation other than the fuel cell systems as described in 
the above respective embodiments. 

25 

Industrial Applicability 

7. 

[0108] The present invention allows shift conversion 
of reformed gas having exited from the reforming reac- 
tion section over a wide temperature range from high 30 
temperature conditions where the reaction rate is high 
to low temperature conditions where the reaction rate is 8. 
low but the gas reacts advantageously at equilibrium to 
extend the temperature range of shift conversion, elim- 
inates the need for temperature control over the re- 35 
formed gas to simplify the construction of the shift con- 
version unit, and provides a reduced loading amount of 
shift conversion catalyst in the shift reaction section. Ac- 9. 
cordingly, the present invention has a high industrial ap- 
plicability in that fuel cells and hydrogen engines can be 
improved in practicability. 



The shift conversion unit of Claim 1 , characterized 
in that the shift conversion catalyst of the shift re- 
action section (10) is noble metal catalyst with heat 
resistance. 

The shift conversion unit of Claim 2, characterized 
in that the shift conversion catalyst of the shift re- 
action section (10) is catalyst in which Pt, Pt alloy 
or Ru alloy is used as active metal. 

The shift conversion unit of Claim 2, characterized 
in that the shift conversion catalyst of the shift re- 
action section (1 0) is applied to or supported on po- 
rous material. 

The shift conversion unit of Claim 4, characterized 
in that the porous material is of either foam metal, 
cordierite or ceramics. 

The shift conversion unit of Claim 1 , characterized 
in that a feed gas passage (3) for supplying the feed 
gas to the reforming reaction section (6) is provided 
in the vicinity of the shift reaction section (10). 

The shift conversion unit of Claim 6, characterized 
In that the shift reaction section (10) and the feed 
gas passage (3) are integrally formed in a housing 
(1)- 

The shift conversion unit of Claim 6, characterized 
in that a heat exchanger (15) is provided for ex- 
changing heat of reaction and sensible heat in the 
shift reaction section (10) with heat of the feed gas 
in the feed gas passage (3) by heat radiation. 

The shift conversion unit of Claim 8, characterized 
in that the reformed gas passage (11) of the shift 
reaction section (10) is formed so that the reformed 
gas flows from the center side toward the outer pe- 
ripheral side of the shift reaction section (1 0). 



Claims 

1 . A shift conversion unit having, a shift reaction sec- 
tion (10) for causing hydrogen-rich reformed gas 
produced by reaction including partial oxidation of 
feed gas in a reforming reaction section (6) to un- 
dergo shift conversion by water gas shift reaction 
with shift conversion catalyst, characterized In 
that 

the shift reaction section (10) is arranged to in- 
troduce the reformed gas from the reforming re- 
action section (6) directly into a reformed gas 
passage (11) and effect the shift reaction while 
heat-exchanging the refonned gas with the 



10. The shift conversion unit of Claim 9, characterized 
^5 in that the distance of portion of the shift reaction 

section (10) located downstream in a direction of 
flow of the reformed gas to the feed gas passage 
(3) is larger than that of portion of the shift reaction 
section (10) located upstream in the direction of flow 
so of the refonned gas to the feed gas passage (3). 

11. The shift conversion unit of Claim 8, characterized 
in that the heat exchanger (15) includes a heat 
transfer fin (16) presented to the feed gas passage 

55 (3). 

12. The shift conversion unit of Claim 11, character- 
ized in that 
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a plurality of said heat transfer fins (16) are pro- 
vided along the feed gas passage (3), and 
the pitch of some of the heat transfer fins (16) 
located upstream in the direction of flow of the 
reformed gas in the shift reaction section (10) 5 
is smaller than that of some of the heat transfer 
fins (16) located downstream in the direction of 
flow of the reformed gas. 

1 3. The shift conversion unit of Claim 7, characterized 10 
in that 

a heat exchanger (23) is provided which in- 
cludes a refonned gas side heattransferfin (21) 
presented to the reformed gas passage (11) 15 
and a feed gas side heat transfer fin (22) pre- 
sented to the feed gas passage (3) and ex- 
changes heat of reaction and sensible heat in 
the shift reaction section (10) with heat of the 
feed gas in the feed gas passage (3), and 20 
the shift conversion catalyst of the shift reaction 
section (10) is applied to or supported on at 
least the reformed gas side heat transfer fin 
(21). 

25 

14. The shift conversion unit of Claim 7, characterized 
in that the reforming reaction section (6), the feed 
gas passage (3) and the shift reaction section (10) 
are integrally provided In a housing (1). 

30 

15. A shift conversion unit having a shift reaction sec- 
tion (10) for causing hydrogen-rich reformed gas 
produced by reaction Including partial oxidation of 
feed gas in a reforming reaction section (6) to un- 
dergo shift conversion by water gas shift reaction 35 
with shift conversion catalyst, characterized in 
that 



19. The shift conversion unit of Claim 18, character- 
ized In that the porous material is of either foam 
metal, cordierite or ceramics. 

20. The shift conversion unit of Claim 16, character- 
ized in that the shift conversion catalyst of the shift 
reaction section (10) is applied to or supported on 
a catalyst support of metal. 

21 . The shift conversion unit of any one of Claims 1 5 to 

20, characterized in that a heat recovery gas pas- 
sage (37) through which the heat recovery gas 
flows is provided in the vicinity of the catalyst sup- 
port. 

22. The shift conversion unit of any one of Claims 1 5 to 

21 , characterized in that the heat recovery gas is 
air. 

23. The shift conversion unit of any one of Claims 15 to 
21 , characterized in that the heat recovery gas is 
off-gas from an oxygen electrode (34) of a fuel cell 
(31). 



the shift reaction section (10) is arranged to ef- 
fect the shift reaction while heat-exchanging 
the reformed gas from the reforming reaction 
section (6) with heat recovery gas. 

16. The shift conversion unit of Claim 15, character- 
ized in that the shift conversion catalyst of the shift 45 
reaction section (10) is noble metal catalyst with 
heat resistance. 

17. The shift conversion unit of Claim 16, character- 
ized in that the shift conversion catalyst of the shift 50 
reaction section (10) is catalyst in which Pt, Pt alloy 

or Ru alloy is used as active metal. 

18. The shift conversion unit of Claim 16, character- 
ized in that the shift conversion catalyst of the shift 55 
reaction section (10) is applied to or supported on 
porous material. 
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